However, in a recent International League Against Epilepsy commission report, distinct epileptic auras were categorized as the following: 1) epigastric; 2) fear and anxiety; 3) experiential (including déjà vu/jamais vu); 4) olfactory-gustatory ("uncinate fits"); 5) autonomousvegetative; and 6) nonspecific. 45 Relatively little information is available regarding the characteristics and surgical responsiveness of auras in patients with TLE undergoing epilepsy surgery. 6, 14, 31 To address these issues, we analyzed aura semiology before and after surgery in a series of 182 patients undergoing temporal lobectomy for intractable epilepsy at our institution. In a subset of patients undergoing awake craniotomy, we were able to study whether the ability to reproduce an aura by intraoperative electrical stimulation relates to aura and/or seizure freedom following temporal lobectomy.
Methods

Patient Population
We retrospectively analyzed the case records of 182 patients undergoing temporal lobectomy for medically intractable epilepsy at our institution between 1986 and 1998.
Patients who did not have detailed seizure and aura follow-up at both 3-month and 1-year time points were excluded. One patient died prior to 1-year follow-up. The presence or absence of history of trauma and febrile seizures were noted. onset (rising epigastric, olfactory/gustatory, experiential, and fear) and those suggesting lateral onset (somatosensory (tingling/vibration), visual, and auditory). 29, 33 Auras in patients not fitting these categories were classified as "other," which included indescribable auras and dizziness/vertigo. 45 The presence of and types of auras were recorded preoperatively and 3 months and 1 year postoperatively.
Surgical Procedure
All patients underwent a tailored anteromedial temporal lobe resection. Following temporal exposure, a customized crown of electrodes was affixed to the skull for intraoperative electrocorticography. Depth electrodes were placed orthogonal to the cortex at 3.5 and 5 cm posterior to the temporal pole to record activity from the amygdala and hippocampus, respectively. Patients who underwent dominant-hemisphere temporal lobectomies routinely had speech and motor mapping, and among these patients, 45 had electrical stimulation of the anterior (amygdala) and posterior (hippocampal) depth electrodes in an effort to reproduce the patient's aura. Bipolar stimulation using current at or below the afterdischarge threshold was used for speech and motor mapping. Stimulation of the amygdala and hippocampus was performed using ~ 50% of the current used for cortical mapping. Aura reproduction was scored (yes or no) in all patients undergoing speech mapping, and if the aura was reproduced (whether it was reproduced by electrical stimulation of anterior [amygdala], posterior [hippocampal], or both depth electrodes) was also recorded.
Pathological Determination
Pathology was determined as MTS or non-MTS. Histopathological criteria for MTS in this study included marked astrogliosis and neuronal loss in the hippocampus and adjacent structures.
Outcome Evaluation
Aura and seizure outcomes were assessed at 3-month and 1-year follow-up periods. For each type of preoperative aura, patients were asked whether the aura persisted, its frequency, and whether it had changed after surgery. In addition, freedom from seizures was assessed at 3-month and 1-year follow-ups. As in the study by Fried et al., 14 this enabled characterization of outcome into 4 general categories: seizure-free aura-free, seizure-free with auras, seizures but no auras, and seizures with auras.
Statistical Analysis
Statistical comparisons between groups were made using the Pearson chi-square test and, where appropriate, using the Fisher exact test.
Results
Patient Characteristics
Of 182 patients undergoing temporal lobectomy for medically intractable epilepsy between 1986 and 1998, 150 (82%) had adequate preoperative aura and seizure descriptions and postoperative follow-up at both 3 months and 1 year. In this group of 150 patients, age ranged from 7 to 66 years. There were 69 males and 81 females.
Aura Characteristics
Preoperative auras were present in 114 (76%) of 150 patients; 50 (72%) of 69 males and 64 (79%) of 81 females had preoperative auras. Multiple types of auras were reported in 30 (20%) of 150 patients. Of these 30 patients, there were 12 males (40%) and 18 females (60%). Table 1 describes the number of preoperative auras by type and postoperative auras at 3 months and 1 year. The most common type was rising epigastric (40 [26%] of all 154 auras) followed by fear (14%), experiential (12%), somatosensory (12%), olfactory/gustatory (11%), visual (6%), and auditory (5%) ( Table 1 ). Of the 154 auras, 22 (14%) were deemed "other," of which 16 (73%) were indescribable, 5 (23%) involved dizziness/vertigo, and 1 was (4%) autonomic.
Predictive Value for Surgical Success
Of the 150 patients, 99 became free from complex partial seizures at 1 year (66%). There was no difference in seizure freedom in the patients without preoperative auras (21 [58%] of 36) compared with those with preoperative auras (78 [68%] of 114). Etiology and pathology did not predict seizure or aura outcome. Aura characteristics did not predict outcome with respect to freedom from complex partial seizures.
Surgical Outcomes With Respect to Auras
When considering the effect of surgery on all aura types including those overlapping in a single patient, 63% of all aura types were eliminated at 3 months and 64% at 1 year (Table 1 ). In the 30 patients with multiple preoperative auras, surgery occasionally eliminated only 1 or some type(s) of aura (for example, rising epigastric aura was gone but fear aura remained). In patients with a single preoperative aura type, none was observed to have an entirely new aura type postoperatively. Patients with lateral temporal auras were more than twice as likely as patients with medial temporal auras to have their auras persist after surgery (54 vs 24%, p < 0.002) ( Table 1) .
Relationship of Aura Characteristics to Febrile Seizures and Trauma
We also analyzed whether a history of febrile seizures or brain trauma altered any of our aura measures. In our patient population, 35 of 150 patients had a prior history of trauma. Of these, 30 had preoperative auras (86%), 9 had auras at 3 months, and 11 had auras at 1 year (63% reduction at 1 year). Of the 150 patients, 40 had a remote history of febrile seizures. Of these, 35 had preoperative auras (88%), 14 had auras at 3 months, and 14 had auras at 1 year (60% reduction at 1 year). Although there was a trend toward a higher percentage of patients with prior trauma (86%) and febrile seizures (88%) having preoperative auras than the overall patient population (77%), this was not statistically significant (p = 0.18 for trauma, p = 0.34 for febrile seizures; Fisher exact test). Neither of these subgroups displayed significantly different aura subtypes or aura outcomes.
Relationship of Aura Characteristics to Pathology
Of the 150 patients, 113 met the histopathological criteria for MTS, and 37 patients were classified as non-MTS. Table 2 lists aura subtype by pathology (MTS vs non-MTS). Depending on aura subtype, 64-88% of cases were associated with MTS (75% overall in series). There was no statistically significant correlation of specific aura subtypes to MTS versus non-MTS.
Seizure and Aura Outcome
Of the 150 patients, 99 (66%) became seizure-free at 1 year. There was a trend toward lower seizure freedom in the patients without preoperative auras ( Of all 150 patients, 103 became aura-free at 1 year (69%). The aura-free rates for MTS (77 [68%] of 113) and non-MTS (26 [70%] of 37) were not different (p = 1.0, Fisher exact test). Thus, there was no significant correlation between pathology type and seizure or aura outcome.
Our overall group outcome was as follows ( Table  3) : 77 patients (51%) were seizure-free and aura-free, 22 patients (15%) were seizure-free with auras, 26 patients (17%) had seizures but no auras, and 25 patients (17%) had seizures with auras. Of the 26 patients who had the outcome of seizures but no auras, 10 patients (6.7% of the total population) had preoperative auras.
Intraoperative Aura Reproduction
In 45 patients undergoing awake speech mapping, reproduction of the patient's characteristic aura by depth electrode stimulation was attempted. Auras were reproduced in 19 patients, who described the aura as similar to their spontaneous aura. There was no obvious correlation between aura type and amygdala versus hippocampal stimulation. Of the 19 patients in whom auras were reproduced, 14 (74%) became seizure-free and 10 (53%) became aura-free (Table 4 ). This was not significantly different from the 26 patients in whom auras could not be reproduced: 22 (85%) became seizure-free and 19 (73%) became aura-free. Thus, there was no significant correlation between intraoperative aura reproduction and seizure outcome (p = 0.46, Fisher exact test) or aura outcome (p = 0.21, Fisher exact test). There was also no significant difference in aura reproduction by pathology (p = 0.33, Fisher exact test). The relationship between aura reproduction and pathology is shown in Table 5 .
We next sought to determine whether the site of reproduction of aura (by stimulation of a hippocampal depth electrode, an amygdala depth electrode, or both depth electrodes) was related to outcome. In the 4 patients in whom an aura was reproduced only by hippocampal stimulation, only 1 (25%) became seizure-free (Table 6 ). In contrast, in the 9 patients in whom an aura was reproduced only by amygdala stimulation, 7 (78%) became seizure-free (Table 6 ). Interestingly, in the 6 patients in whom an aura could be reproduced by stimulation in either the hippocampus or amygdala, all 6 (100%) became seizure-free (Table 6 ). The differences between groups were significant (p = 0.029, Pearson chi-square test). In the 4 patients with aura reproduction in the hippocampus only, no patient became aura-free postoperatively ( Table  7) . In contrast, of the 9 patients with aura reproduction in the amygdala only, 7 (78%) of 9 became aura-free (Table  7 ). In the 6 patients in whom aura could be reproduced in either the hippocampus or amygdala, 3 (50%) of 6 became aura-free ( Table 7 ). The differences between groups were significant (p = 0.034, Pearson chi-square test). 
Discussion
Auras constitute a short experience accompanied by somatosensory, autonomic, cognitive, or combined content, which can be reported by the patient and are thought to represent a simple partial seizure, if isolated, or the onset of a complex partial seizure or secondarily generalized tonic-clonic seizure.
7,9 Aura-like events have also been well-described as prodromes of migraine headaches and in the initial phase of cardiac or vasovagal syncope, 4 and it may take careful history to separate epileptic from nonepileptic auras. 43 
Presence or Absence of Auras
Not all patients with TLE experience auras. Schulz et al. 37 studied the presence and absence of aura experience in patients with temporal and extratemporal epilepsy. In an initial study, they found that the recollection of auras was significantly dependent on ictal EEG changes during the aura: auras with bilateral EEG changes were less likely to be remembered. Similarly, localized (regional or unilateral) EEG seizure patterns occurred in 82% of the patients with auras compared with 24% of the patients without auras. 37 In a follow-up study of 58 patients with TLE, lack of aura experience correlated with an absence of unitemporal MR imaging-documented sclerosis, bitemporal interictal epileptiform discharges, and propagation of the ictal EEG to the contralateral temporal lobe. 36 The authors suggest, corroborating the observations of Penfield and Jasper, 32 that lack of aura experience may represent a transient memory deficit due to bilateral EEG changes (aura amnesia).
Aura Epidemiology
In this population, the largest surgical series of auras reported to date, we found that ~ three-fourths (77%) of patients experienced ≥ 1 aura, and one-fifth (20%) had multiple types of auras. In a large original series, Gowers 18 found that 57% of 2013 patients reported auras, and Lennox and Cobb 28 found that 56% of 1359 patients reported auras. The higher prevalence of auras in our group may reflect the fact that our patients, being surgical candidates, might be less likely to have rapid spread of seizure activity to both hemispheres.
No sex predilection was noted in our series, in agreement with prior series. 28 The most common type of aura in our series was epigastric ( Table 1) . Presence of a history of febrile seizures and trauma did not significantly affect aura incidence, subtype frequencies, or outcome. Unlike a prior study, 14 we found no significant correlation of specific aura subtype to pathology.
Localizing Value of Auras
There have been many attempts to ascribe certain subtypes of auras to specific anatomical substrates. For example, Jackson 23 described an "intellectual aura" or "dreamy state" consisting of a feeling of reminiscence (also termed déjà vu) and/or hallucinations of scenes, and proposed that it arose from the medial temporal lobe. 25, 26 Similarly, Penfield with Jasper and Perot 32,33 and others since 16, 17, 20 have demonstrated that a similar state can occur following electrical stimulation of the lateral temporal neocortex (especially the superior temporal gyrus) but even more reproducibly from the hippocampal formation and amygdala. Activity can also be observed in these areas following spontaneous seizures evoking this state. 2 Precise localization is complex since a variety of symptoms can be elicited by depth electrode stimulation, and phenomena evoked by stimulation of the same depth electrode may vary among recording sessions.
12,16,17,20
Palmini and Gloor 31 carefully studied the localizing value of various types of auras and compared aura type with localization of onset of complex partial seizures. They found that viscerosensory auras (particularly epigastric aura) correlated with temporal lobe onset, experiential auras correlated with temporal lobe onset, somatosensory auras correlated with parietal, and elementary visual auras correlated with occipital lobe onset. They found no lateralizing value for any aura type.
Other studies have also demonstrated that aura semiology differs by localization of pathology. 5, 14, 19, 22, 30 In 1 series of 491 patients with temporal and extratemporal epilepsies, epigastric (abdominal) auras were more frequent in TLE (52%) than in extratemporal epilepsy (12%) and furthermore were more frequent in mesial TLE (64%) than in neocortical TLE (39%). 22 In a study of 90 patients undergoing surgery for intractable epilepsy, epigastric, gustatory, and olfactory auras were significantly more frequent in patients with mesial TLE and hippocampal sclerosis compared with those with temporal or extratemporal lesions; conversely, auras of vertigo or dizziness were found more often in patients with extratemporal lesions. 14 Other studies have reported that epigastric and psychic/ experiential auras are more common with TLE whereas visual and somatosensory auras occurred predominantly in parietal and occipital lobe epilepsies.
31,37
In a more recent study, Maillard et al. 29 analyzed 187 temporal lobe seizures in 55 patients and categorized electrographic seizure onset into medial, lateral, and simultaneous medial-lateral. Viscerosensory (especially epigastric) auras were more frequent in medial than in lateral onset, in agreement with other studies. 15, 22, 34 Fear, experiential, and gustatory auras were only seen with medial or simultaneous medial and lateral onset and never with lateral onset. In contrast, sensory auras (somatosensory, auditory, or visual) were more commonly associated with lateral onset. 29 Other specific auras have been described in small series and case reports. Olfactory auras appear to arise from temporomesial structures, probably the amygdala. Together with Jackson's original case of olfactory aura and temporomesial tumor, 24 2 recent series have pointed to mesial temporal sclerosis and temporomesial tumors as the etiologies in nearly all cases of olfactory aura. 1, 8 Less common auras have also been associated with temporal lobe onset. Three patients with an aura of prescience, a type of experiential aura, were described. 35 Autonomic auras were found to arise predominantly from the left temporal lobe. 41 Other ictal sensations reported to arise from the temporal lobe include ictal pleasant and orgasmic sensations 27, 42 and ictal urinary urge. 3 A recent case report of a patient undergoing bilateral hypothalamic stimulation for the treatment of obesity elicited a detailed autobiographical aura, probably by stimulation of the fornix activating mesial temporal lobe structures. 21 
Aura and Seizure Outcome
At 1-year follow-up, our overall seizure-free and aura-free rates were similar (66 and 69%, Table 3 ). Slightly more than half of the patients had the best possible outcome of elimination of both seizures and auras. An additional 15% had no seizures but residual auras. This group, termed Class IB in the Engel classification system, is often regarded as very successful in terms of outcome. Nevertheless, some studies have suggested that residual auras continue to exert a negative influence on quality of life. 44 In the 34% of patients with persistent seizures, some patients lost auras that were present before surgery. This should likely be regarded as the worst outcome, that is, removing the patient's warning but not controlling the seizures (6.7% of patients total in our series). These statistics have value in preoperative counseling of patients prior to TLE surgery.
Our study did not reveal prognostic value for auras in predicting seizure outcome. Sperling et al. 40 similarly found no significant difference in seizure outcome after anterior temporal lobectomy in patients with or without independent auras. In a more recent study of 183 patients who reported an aura during inpatient monitoring, EEGs during the aura showed ictal changes in 51 patients (28%).
39 Seizure-free (Class I) outcome was 88% for patients who had auras accompanied by EEG changes, and it was 70% for those whose auras showed no EEG correlate (p < 0.06). 39 Thus, it seems that aura subtypes may be weakly associated with seizure outcome, but as a group patients with auras are no more likely to become seizurefree than those without auras.
Blume and Girvin 6 studied pre-and postoperative seizure characteristics in 100 patients undergoing anterior temporal lobectomy. Preoperatively, 86% had auras and postoperatively this declined to 58%. Reduction in aura features correlated with postoperative seizure reduction. We also found that patients gaining aura control usually gained seizure control.
Intraoperative Aura Stimulation
Cushing 11 and later Penfield and colleagues 13, 32 were the first to elicit auras by intraoperative stimulation. More recently, Schulz et al.
38 studied 31 patients and were able to elicit the habitual aura in 16 (52%) by stimulation of implanted subdural electrodes. In that study, they found that the zone of stimulation-induced auras frequently overlapped the epileptogenic lesion as well as the EEG seizure onset zone.
We were able to elicit the patient's characteristic preoperative aura by depth electrode stimulation in 19 of 45 patients undergoing awake craniotomy with speech mapping. Of course, there may be many reasons for an inability to stimulate an aura in the remaining patients, including depth electrode location, extent of anesthesia, and so on. However, although the numbers of patients are small, we observed an intriguing correlation between the ability to reproduce the aura only by stimulating the hippocampus and not the amygdala and poor postoperative aura and seizure freedom. One possible interpretation is that in those patients in whom only hippocampal (posterior depth electrode) stimulation is able to activate the aura, the auragenic and epileptogenic zones may lie at least partially outside of the zone of resection for standard anterior temporal resections. Although we think that this is unlikely given the relatively aggressive hippocampal resection performed in most cases, residual amygdala tissue or the tail of the hippocampus might be the locus of aura generation in some cases. Postoperative MR images were not obtained routinely in this series, especially in patients who were seizure-and complication-free.
Conclusions
Our results define the pre-and postoperative epidemiology of auras in a large surgical series. While the majority of patients in our series became seizure-and aura-free, a significant minority had potentially unfavorable outcomes with respect to auras. Patients with lateral temporal auras appear to be at increased risk for having persistent postoperative auras. Approximately 6.7% of patients will lose their auras but continue to have complex partial seizures. This series should help clinicians discuss with their patients the likelihood of various aura outcomes after temporal lobectomy.
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